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(54) Solid-state imaging element 

(57) Since the great number of elements constitut- 
ing a unit pixel having an amplification function would 
hinder reduction of pixel size, unit pixel n,m arranged in 
a matrix form is comprised of a photodiode, a transfer 
switch for transferring charges stored in the photodiode, 
a floating diffusion for storing charges transferred by the 
transfer switch, a reset switch for resetting the floating 
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diffusion, and an amplifying transistor for outputting a 
signal in accordance with the potential of the floating dif- 
fusion to a vertical signal line, and by affording vertical 
selection pulse <|>Vn to the drain of the reset switch to 
control a reset potential thereof, pixels are selected in 
units of rows. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to a solid-state 
imaging element, a method for driving it, and a camera 
system, and particularly to an amplification type solid- 
state imaging element such as a CMOS image sensor 
having an amplification function for each of unit pixels 
arranged in a matrix form, a method for driving it, and a 
camera system using amplification type solid-state 
imaging elements as imaging devices. 

2. Description of Related Art 

[0002] Amplification type solid-state imaging ele- 
ments, for example, CMOS image sensors have various 
pixel structures. As an example, there is known a pixel 
structure having floating diffusion (FD) inside pixels. 
This pixel structure is advantageous in that sensitivity 
can be increased because signals are amplified by the 
floating diffusion. Fig. 18 shows a prior art pixel struc- 
ture of this type. 

[0003] In Fig. 18, each of unit pixels 100 arranged in a 
matrix form includes photogate 1 01 , transfer switch 102, 
floating diffusion 103, reset transistor 104, amplifying 
transistor 105, and vertical selection transistor 106. In 
response to a vertical selection pulse afforded via the 
vertical selection line 1 11, the vertical selection transis- 
tor 106 selects unit pixels 100 in units of rows, whereby 
a signal amplified by the amplifying transistor 105 is out- 
put to the vertical signal line 1 1 2. 
[0004] By the way, to reduce pixel size requires that 
the number of elements to constitute a unit pixel 100 is 
reduced. However, since the pixel structure of a prior art 
CMOS image sensor described above dictates that 
three transistors, reset transistor 104, amplifying tran- 
sistor 105, and vertical selection transistor 106, are 
used to select the potential of floating diffusion 1 03 in 
units of rows for output to vertical signal line 112, a large 
number of elements are used, hindering reduction of 
pixel size. 

SUMMARY OF THE INVENTION 

[0005] The present invention has been made in con- 
sideration of the above problem and an object of the 
present invention is to reduce the number of elements 
making up a unit pixel and offer a solid-state imaging 
element having made reduction of pixel size possible, a 
method for driving it, and a camera system. 
[0006] A solid-state imaging element according to the 
present invention comprises: 

unit pixels, arranged in a matrix form, which have 
photoelectric transfer elements, transfer switches 



for transferring charges stored in the photoelectric 
transfer elements, charge store parts for storing 
charges transferred by the transfer switches, reset 
switches for resetting the charge store parts, and 
5 amplifying elements for outputting signals in 

accordance with the potential of the charge store 
parts to vertical signal lines; 

a vertical scanning circuit for selecting pixels in 
10 units of rows by controlling a reset potential 
afforded to the reset switch; 

a horizontal scanning circuit for sequentially select- 
ing signals output to the vertical signal lines in units 
15 of columns; and 

an output circuit for outputting signals selected by 
the horizontal scanning circuit via horizontal signal 
lines. 

20 

[0007] In a solid-state imaging element of the above 
configuration, by setting a reset potential afforded to a 
reset switch in a unit pixel to, e.g., 0 V at the time of 
other than pixel selection, the potential of a charge store 

25 part becomes Low. By affording, e.g., a pixel source 
voltage to the reset switch as a reset potential, pixels 
are selected, and upon the occurrence of a reset pulse, 
the potential of the charge store part is reset to the pixel 
source voltage. Namely, by controlling a reset potential, 

30 the potential of the charge store part is controlled. Sub- 
sequently, signal charges stored in the photoelectric 
transfer element are transferred to the charge store part 
and the potential of the charge store part that changes 
in accordance with the transfer is read into a vertical sig- 

35 nal line by an amplifying element. 

[0008] A method for driving a solid-state imaging ele- 
ment according to the present invention, in a solid-state 
imaging element comprising unit pixels, arranged in a 
matrix form, which have photoelectric transfer elements, 

40 transfer switches for transferring charges stored in the 
photoelectric transfer elements, charge store parts for 
storing charges transferred by the transfer switches, 
reset switches for resetting the charge store parts, and 
amplifying elements for outputting signals in accord- 

45 ance with the potential of the charge store parts to ver- 
tical signal lines, selects pixels in units of rows by 
controlling a reset potential afforded to the reset 
switches. 

[0009] In a solid-state imaging element having an 
so amplification function for each pixel, the potential of a 
charge store part is controlled by controlling a reset 
potential afforded to a reset switch to reset the charge 
store part. Thereby, pixels are selected in units of rows 
without providing an element for vertical (row) selection. 
55 That is, the reset switch also has a function to select pix- 
els in unit of rows. Accordingly, an element for vertical 
selection can be cut from a unit pixel. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0010] 

Fig. 1 is a schematic configuration diagram showing s 
a first embodiment of the present invention. 

Fig. 2 is a potential diagram of unit pixel and vertical 
signal line in the first embodiment. 

10 

Fig. 3 is a timing chart at pixel selection in the first 
embodiment. 

Figs. 4A to 4C show a potential diagram 1 of pixels 
of selection line in the first embodiment. 15 

Figs. 5A to 5C show a potential diagram 2 of pixels 
of selection line in the first embodiment. 

Figs. 6A to 6E are cross-sectional structure dia- 20 
grams showing a concrete configuration example of 
overflow path. 

Fig. 7 is a schematic configuration diagram showing 
a variant of the first embodiment of the present 25 
invention. 

Fig. 8 is a potential diagram of unit pixel and vertical 
signal line in of a variant of the first embodiment. 

30 

Fig. 9 is a timing chart at pixel selection in a variant 
of the first embodiment. 

Fig. 10 is a schematic configuration diagram show- 
ing a second embodiment of the present invention. 35 

Fig. 1 1 is a potential diagram of unit pixel and verti- 
cal signal line in the second embodiment. 

Fig. 1 2 is a timing chart at pixel selection in the sec- 40 
ond embodiment. 

Figs. 13A to 13D show a potential diagram 1 of pix- 
els of selection line in the second embodiment. 

45 

Figs. 14A to 14C show a potential diagram 2 of pix- 
els of selection line in the second embodiment. 

Figs. 15A to 15D show a potential diagram 1 of pix- 
els of non-selection line in the second embodiment, so 

Figs. 16A to 16C show a potential diagram 2 of pix- 
els of non-selection line in the second embodiment 

Fig. 17 is a schematic configuration diagram of an 55 
example of a camera system to which the present 
invention is applied. 



Fig. 18 is a circuit diagram showing the configura- 
tion of a prior art unit pixel. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[001 1 ] Hereinafter, embodiments of the present inven- 
tion will be described with reference to the accompany- 
ing drawings. 

[0012] Fig. 1 is a schematic configuration diagram of 
a CMOS image sensor according to a first embodiment 
of the present invention. In Fig. 1 , unit pixels 10 are two- 
dimensionally arranged to constitute a pixel section; for 
simplicity, there are shown here only two pixels, unit 
pixel 10n,m in the n-th row, the m-th column and unit 
pixel 10n+1,m in the (n + 1)-th row, the m-th column. 
The structure of unit pixel 10 is the same for all pixels; 
hereinafter, as an example, the structure of unit pixel 
10n,m in the n-th row, the m-th column will be 
described. 

[001 3] The unit pixel 10n,m comprises a photoelectric 
transfer element, e.g., photodiode 11, transfer switch 
12, floating diffusion (FD) 13 serving as a charge store 
part, reset switch 14, and amplifying transistor 15. As a 
photoelectric transfer element, photogate or embedded 
photodiode can be substituted for the photodiode 1 1 . 
[0014] In this example, N-channel enhancement type 
transistor, N-channel depression type transistor, and N- 
channel enhancement type transistor are used as the 
transfer switch 12, reset switch 14, and amplifying tran- 
sistor 1 5, respectively. However, all or part of these tran- 
sistors can also be replaced by P-channel transistors to 
constitute the circuit. 

[001 5] In the unit pixel 10n,m, the photodiode 1 1 is a 
p-n junction diode that photoelectrical^ converts inci- 
dent light into signal charge of quantity in accordance 
with the quantity of the incident light and stores it. The 
transfer switch 12, connected between the photodiode 
1 1 and floating diffusion 13, transfers the signal charge 
stored in the photodiode 1 1 to the floating diffusion 13. 
The floating diffusion 13 converts the transferred signal 
charge into a signal voltage and affords the voltage to 
the gate of the amplifying transistor 15. 
[0016] The reset switch 14, connected between the 
floating diffusion 13 and vertical selection line 21, has a 
function to reset the potential of the floating diffusion 13 
to that of pixel power source. The amplifying transistor 
15, connected between power source line 22 and verti- 
cal signal line 23, amplifies the potential of the floating 
diffusion 13 and outputs the amplified potential to the 
vertical signal line 23. A pixel power source voltage is 
not limited to 3.3V, which is used as an example in this 
example. 

[001 7] Fig. 2 shows a potential distribution of unit pixel 
10 and vertical signal line 23 in the first embodiment. In 
the figure, PD, TS, FD, RS, and AT designate photodi- 
ode 11, transfer switch 12, floating diffusion 13, reset 
switch 14, and amplifying transistor 15, respectively. For 
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potentials of the floating diffusion 13 and amplifying 
transistor 15, a potential operation range at selection 
and a potential operation range at other times are 
shown by solid lines and dashed lines, respectively. 
[0018] Vertical scanning circuit 24, provided to select 
unit pixels 10 in units of rows, is comprised of e.g., a 
shift register. From the vertical scanning circuit 24, ver- 
tical selection pulse <|)V (• • •, (t>Vn, <|)Vn+1, ■ • •), 
transfer pulse <|>T (• • •, §Tn, (|>Tn+1, • • •). and reset 
pulse <(>R ( • • • , <t>Rn, <|>Rn+1 , • • • ) are output. 
[0019] The vertical selection pulse <|>V (• • • , <|>Vn, 
<|>Vn+1, • • •) is applied to the drain of reset switch 14 
through the vertical selection line 21 , the transfer pulse 
<|>T (• • •, <|>Tn, <j>Tn+1, • • •) to the gate of transfer 
switch 12 through the transfer line 25, and the reset 
pulse <|>R ( • • • , <|>Rn, +Rn+1 , • • • ) to the gate of reset 
switch 14 through the reset line 26. 
[0020] To the end of vertical signal line 23, vertical sig- 
nal line output circuit 27 is connected for each column. 
As the vertical signal line output circuit 27, an output cir- 
cuit of e.g., voltage mode type is used. Horizontal selec- 
tion pulse <|>H ( • • • , <|>Hm, • • • ) from horizontal 
scanning circuit 28 is fed to the vertical signal line output 
circuit 27. The horizontal scanning circuit 28, provided 
to select unit pixels 10 in units of columns, is comprised 
of e.g., a shift register. 

[0021] The output end of vertical signal line output cir- 
cuit 27 is connected to horizontal signal line 29. To the 
horizontal signal line 29, one line of signals read into the 
vertical signal line output circuit 27 through the vertical 
signal line 23 from unit pixel 10 is output sequentially 
from the vertical signal line output circuit 27 by horizon- 
tal scanning of the horizontal scanning circuit 28. The 
input end of horizontal signal line output circuit 30 is 
connected to the end of horizontal signal line 29. 
[0022] Next, the pixel operation in a CMOS image 
sensor according to the first embodiment of the above 
configuration will be described using an example of 
selecting pixels of n-th line (n-th row). Herein, the timing 
chart of Fig. 3 will be used with reference to the poten- 
tial diagrams of Figs. 4 and 5. 

[0023] A time period (t < t1) until time t1 is non-selec- 
tion state. In the non-selection state, since vertical 
selection pulse (|>Vn is in Low level (0 V) and reset switch 
(RS) 14 is in off state, the potential of floating diffusion 
(FD) 13is0 V. 

[0024] At time t1, the vertical selection pulse (|>Vn 
changes from Low to High (3.3V), and at the same time, 
in response to the occurrence of reset pulse ^Rn, the 
reset switch 14 goes on and the potential of floating dif- 
fusion 13 of the n-th line is reset from 0 V to 3.3V. As a 
result, since the amplifying transistor (AT) 15 is turned 
on, pixels of the n-th line go into selection state (t1 < t < 
t2). 

[0025] Upon the extinction of the reset pulse <|)Rn at 
time t2, the reset floating diffusion 13 is read. Conse- 
quently, an offset level (hereinafter, called a noise level) 
different for each different pixel is read into the vertical 



signal line 23 by the amplifying transistor 15 and output 
to the vertical signal line output circuit 27 (t2 < t <t3). 
The read-out noise level is held (sample held) within the 
vertical signal line output circuit 27. 

s [0026] Upon the occurrence of transfer pulse <|>Tn at 
time t3, the transfer switch (TS) 12, because a potential 
below the gate thereof is deepened by the transfer pulse 
<|>Tn applied to the gate, transfers signal charge stored 
in the photodiode (PD) 1 1 to the floating diffusion 13 (t3 

10 < t < t4). The transfer of signal charge causes the poten- 
tial of the floating diffusion 13 to change in accordance 
with the quantity of charge. 

[0027] Upon the extinction of the transfer pulse <|>Tn at 
time t4, a potential in accordance with the signal charge 

15 of the floating diffusion 13 is read into the vertical signal 
line 23 by the amplifying transistor 15 and output to the 
vertical signal line output circuit 27 (t4 < t < t5) . The 
read-out signal level is held (sample held) within the ver- 
tical signal line output circuit 27. 

20 [0028] Upon entry to a horizontal valid period, signals 
read from pixels 10 into the vertical signal line output cir- 
cuit 27 for each column are sequentially output to the 
horizontal signal line output circuit 30 through the hori- 
zontal signal line 29. At this time, in these output circuits 

25 27 and 30, by subtracting a noise level from the signal 
level of unit pixel 1 0, a fixed pattern noise due to the dis- 
persion of characteristics of unit pixel 1 0 is suppressed 
and a fixed pattern noise due to the dispersion of char- 
acteristics of the vertical signal line output circuit 27 is 

30 suppressed. 

[0029] At time t6, the vertical selection pulse <l>Vn 
changes from High to Low, and thereby pixels on the n- 
th line go into non-selection state, and at the same time, 
pixels on the next (n + 1)-th line go into selection state, 

35 and the above operation is repeated on the (n + 1)-th 
line. 

[0030] Herein, a description will be made of pixels on 
non-selection lines. By driving the vertical selection 
pulse (|»V Low (0 V), pixel 10 can be put in non-selection 
40 state. This is because since a depression type transistor 
is used as the reset switch 14, when the vertical selec- 
tion pulse <|>V is 0 V, the floating diffusion 13 is always 0 
V, and thereby the amplifying transistor 15 is always in 
cut-off state. 

45 [0031] As described above, unit pixel 10 is comprised 
of photodiode 11, transfer switch 12, floating diffusion 
13, reset switch 14, and amplifying transistor 15, and 
the potential of floating diffusion 13 is controlled through 
the reset switch 14, whereby one transistor can be cut 

so because a vertical selection switch is not provided to 
provide the vertical selection function, as it would be in 
the case of conventional pixel structures. 
[0032] When the vertical selection pulse <|>V is driven 
Low by incorporating a charge pump circuit, the gate of 

55 the transfer switch 12 can be put at a negative potential 
for a long period other than the period t3 < t < t4. In such 
a case, a dark current can be suppressed since holes 
can be implanted into the silicon interface of the transfer 
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switch adjacent to the photodiode 1 1 for a long period of 
time. This produces a great effect, particularly when an 
embedded sensor structure is employed as the photodi- 
ode11. 

[0033] Although the foregoing description of opera- 
tion, for simplicity, has been on all pixel independent 
reading mode in which signals of pixels of all lines are 
independently read, the present invention is not limited 
to that mode. Of course, frame reading mode and field 
reading mode are also possible. In the former mode, 
signals of odd (even) lines are read in a first field and 
signals of even (odd) lines are read in a second field. In 
the latter mode, signals of two adjacent lines are read at 
the same time to add voltages, and combinations of two 
lines for the addition operation are changed on a field 
basis. 

[0034] Herein, a description will be made of a con- 
crete configuration of unit pixel 10. When signal charges 
are stored in the photodiode 1 1 , as apparent from Fig. 
4A, the floating diffusion 13 becomes 0 V. For this rea- 
son, during the charge storing, the surface potential of 
the transfer switch 12 must be 0 V or less. However, 
without a special process, there would be no path for 
discharging charges that overflow from the photodiode 
11, 

[0035] Accordingly, a pixel structure according to the 
present invention is made so that a diffusion layer con- 
nected to power source, e.g., the drain of the amplifying 
transistor 15 is laid out adjacently to the photodiode 1 1 
and element separation between both is made imper- 
fect, whereby an overflow path is formed and excess 
charges are discharged (overflowed) via the path. By 
this process, an overflow path can be formed without 
increasing the dimension of unit pixel 10. 
[0036] As concrete examples of forming an overflow 
path, various structures described below are possible. 
As shown in Figs. 6A to 6E, there are a structure (Fig. 
6A) in which an overflow path is formed by reducing the 
width (distance) of an element separation region; a 
structure (Fig. 6B) in which an overflow path is formed 
by reducing the density of a P region for channel stop; 
and a structure (Fig. 6C) in which an overflow path is 
formed by positively forming an N" region below a P 
region for channel stop. 

[0037] In the case where an embedded sensor struc- 
ture is used as the photodiode 1 1 , there are a structure 
(Fig. 6D) in which an N + (SR N + ) region for sensor is 
formed also in the pixel power source side to moder- 
ately form a lateral distance of an overflow path and fur- 
ther a high-density impurity is injected into the N + region 
of the pixel power source side to form-a N + region for 
source/drain; and a structure (Fig. 6E) in which an N" 
region is formed for an overflow path in the (Fig. 6D) 
structure. 

[0038] A LOCOS (Local Oxidation of Silicon) oxide 
film shown in each of the structures of Figs. 6A to 6C is 
not necessarily necessary. However, in this case, to 
moderately form a lateral distance of an overflow path, 



as in the example of the (Fig. 6D) structure, it is desira- 
ble to implant ions to an N + region of photodiode 1 1 and 
an N + region of pixel power source adjacent to an over- 
flow pulse with an identical mask. 

5 [0039] As in each of the structures of Fig. 6A, and 
Figs. 6C to 6E, the silicon interface of overflow section 
is not depleted by forming the overflow path with a vir- 
tual gate. Accordingly, dark current occurs less fre- 
quently, compared with prior art overflow structures in 

10 which a transfer gate is used, in which case a silicon 
interface would be depleted. A greater effect is obtained 
particularly when an embedded sensor structure is 
used as the photodiode 1 1 , because depleted portions 
of silicon interface can be completely eliminated. 

15 [0040] Fig. 7 is a schematic configuration diagram of 
a variant of a first embodiment of the present invention. 
The first embodiment takes a configuration in which sig- 
nals from pixels are output in voltage mode, while the 
variant takes a configuration in which signals from pixels 

20 are output in current mode. Accordingly, the pixel struc- 
ture of unit pixel is exactly the same as that of the first 
embodiment, except for the configuration of a signal 
output system. 

[0041] A CMOS image sensor according to the variant 

25 takes a configuration in which horizontal selection 
switch 31 is connected between the end of vertical sig- 
nal line 23 and horizontal signal line 29, and an opera- 
tional amplifier 33 fed back by resistor 32 is placed at 
the end of horizontal signal line 29. That is, to output 

30 signals from pixels in current mode, the vertical signal 
line 23 and horizontal signal line 29 are fixed to a con- 
stant potential (Vbias) by the operational amplifier 33 
fed back by the resistor 32 and the amplifying transistor 
15 within unit pixel 10n,m is linearly operated by incor- 

35 porating a power source circuit 34, for example, and 
reducing a source voltage to be afforded to pixels. 
[0042] Although this variant is constructed in a way 
that incorporates the power source circuit 34 and 
reduces a source voltage to be afforded to pixels, the 

40 present invention is not limited to this construction. For 
example, by reducing a threshold voltage Vth of the 
amplifying transistor 15 within unit pixel 10n,m, the 
amplifying transistor 15 can also be linearly operated. 
[0043] Fig. 8 shows a potential distribution of unit pixel 

45 10 and vertical signal line 23 in this variant. In Fig. 8, 
PD, TS, FD, RS, and AT designate photodiode 1 1 , trans- 
fer switch 12, floating diffusion 13, reset switch 14, and 
amplifying transistor 15, respectively. For potentials of 
the floating diffusion 13 and amplifying transistor 15, a 

so potential operation range at selection and a potential 
operation range at other times are shown by solid lines 
and dashed lines, respectively. 

[0044] Fig. 9 is a timing chart for explaining the oper- 
ation of a CMOS image sensor according to this variant. 
55 Fundamental portions of the operation of unit pixel 
10n,m are the same as those of the first embodiment. 
Herein, to avoid an overlapping description, only differ- 
ent portions will be described. 
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[0045] Signals are read from pixels during a horizontal 
valid period. Noise levels are not read but only signal 
levels are read. Since a sample hold operation cannot 
be performed in a signal output system in the current 
mode as it could be in the voltage mode, fixed pattern 
noises of signal levels due to the characteristics of pix- 
els are suppressed using a frame memory in an exter- 
nal signal processing system. 

[0046] Although Fig. 9 is a timing chart on the all pixel 
independent reading mode in which signals of pixels of 
all lines are independently read, the present invention is 
not limited to that mode. Of course, the frame reading 
mode and the field reading mode are also possible. In 
the former mode, signals of odd (even) lines are read in 
a first field and signals of even (odd) lines are read in a 
second field. In the latter mode, signals of two adjacent 
lines are read at the same time to add currents, and 
combinations of two lines for the addition operation are 
changed on a field basis. 

[0047] Fig. 1 0 is a schematic configuration diagram of 
a CMOS image sensor according to a second embodi- 
ment of the present invention. In Fig. 10, unit pixels 40 
are two-dimensionally arranged to constitute a pixel 
section; for simplicity, there are shown here only two pix- 
els, unit pixel 40n,m in the n-th row, the m-th column and 
unit pixel 40n+1 ,m in the (n + 1)-th row, the m-th column. 
The structure of unit pixel 40 is the same for all pixels; 
hereinafter, as an example, the structure of unit pixel 
40n,m in the n-th row, the m-th column will be 
described. 

[0048] The unit pixel 40n,m comprises a photoelectric 
transfer element, e.g., photodiode 41, transfer switch 
42, floating diffusion (FD) 43 serving as a charge store 
part, reset switch 44, amplifying transistor 45, and trans- 
fer selection switch 46. As a photoelectric transfer ele- 
ment, photogate or embedded photodiode can be 
substituted for the photodiode 41 . 
[0049] In this example, N-channel enhancement type 
transistor, N-channel depression type transistor, N- 
channel enhancement type transistor, and N-channel 
enhancement type transistor are used as transfer switch 
42, reset switch 44, amplifying transistor 45, and trans- 
fer selection switch 45, respectively. However, all or part 
of these transistors can also be replaced by P-channel 
transistors to constitute the circuit. 
[0050] In the unit pixel 40n,m, the photodiode 41 is a 
p-n junction diode of e.g., an embedded sensor struc- 
ture that photoelectrical^ converts incident light into sig- 
nal charge of quantity in accordance with the quantity of 
the incident light and stores it. The transfer switch 42, 
connected between the photodiode 41 and floating dif- 
fusion 43, transfers the signal charge stored in the pho- 
todiode 41 to the floating diffusion 43. The floating 
diffusion 43 converts the transferred signal charge into 
a signal voltage and feeds the voltage to the gate of the 
amplifying transistor 45. 

[0051] The reset switch 44, connected between the 
floating diffusion 43 and vertical selection line 51 , has a 



function to reset the potential of the floating diffusion 43 
to that of pixel power source. The amplifying transistor 
45, connected between power source line 52 and verti- 
cal signal line 53, amplifies the potential of the floating 
5 diffusion 43 and outputs the amplified potential to the 
vertical signal line 53. 

[0052] To the power source line 52, a voltage of e.g., 
3.3 V is afforded from power source circuit 54. However, 
a source voltage is not limited to 3.3 V. Transfer selec- 
10 tion switch 46, connected between transfer line 55 and 
transfer switch 42, performs transfer control for the 
transfer switch 42. 

[0053] Fig. 1 1 shows a potential distribution of unit 
pixel 40 and vertical signal line 53 in the second embod- 

15 iment. In Fig. 1 1 , PD, TS, FD, RS, AT, and SS designate 
photodiode 41 , transfer switch 42, floating diffusion 43, 
reset switch 44, amplifying transistor 45, and transfer 
selection switch 46, respectively. For potentials of the 
floating diffusion 43 and amplifying transistor 45, a 

20 potential operation range at selection and a potential 
operation range at other times are shown by solid lines 
and dashed lines, respectively. 

[0054] As apparent from Fig. 11, in this example, a 
photodiode of an embedded sensor structure is used as 

25 photodiode 41 . That is, the photodiode is of such a sen- 
sor construction that P + hole store layer 47 is provided 
on the substrate surface of the p-n junction diode. For 
an overflow path of unit pixel 40, the pixel structures in 
Figs. 6A to 6E are employed, as in the first embodiment. 

30 [0055] Vertical scanning circuit 56, provided to select 
unit pixels 40 in units of rows, is comprised of e.g., a 
shift register. From the vertical scanning circuit 56, ver- 
tical selection pulse <j)V ( • • • , <j>Vn, ^Vn+1 , • • • ) is out- 
put. Vertical selection pulse <|>V (• • •, (|)Vn, (|>Vn+1, 

35 • • •) is applied to the drain of reset switch 14 via the 
vertical selection line 51 . 

[0056] Vertical scanning circuit 57, provided to select 
unit pixels 40 in units of columns, is comprised of e.g., a 
shift register. From the horizontal scanning circuit 57, 

40 reset pulse (|>R (• • •, (|>Rm, • • •). transfer pulse <|>T 
(• • • , ^Tm, • • •). and horizontal selection pulse <|>H 
( • • • , <l>Hm, • • • ) are output. The transfer pulse <|>T 
(• * • , (^Tm, • • •) is applied to the drain of transfer 
selection switch 46 via the transfer line 55, and the reset 

45 pulse <|)R ( • • • , <|>Rm, • • • ) to the gate of reset switch 
44 via the reset line 58. 

[0057] Horizontal selection switch 60 is connected 
between the end of vertical signal line 53 and horizontal 
signal line 59. As the horizontal selection transistor 60, 

so an N-channel transistor, for example, is used. Horizontal 
selection pulse <|>H ( • • • , (|)Hm, • • •) output from hori- 
zontal scanning circuit 57 is fed to the gate of the hori- 
zontal selection transistor 60. An operational amplifier 
62 fed back by resistor 61 is placed at the end of hori- 

55 zontal signal line 59. 

[0058] A CMOS image sensor according to the sec- 
ond embodiment of the above configuration takes a 
configuration in which signals from pixels are output in 
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the current mode. That is, the vertical signal line 53 and 
horizontal signal line 59 are fixed to a constant potential 
(Vbias) by the operational amplifier 62 fed back by the 
resistor 61 and the amplifying transistor 45 within unit 
pixel 40n,m is linearly operated by incorporating a 
power source circuit 54 and reducing a source voltage 
to be afforded to pixels. 

[0059] Although this embodiment is configured so that 
the amplifying transistor 45 is linearly operated by incor- 
porating the power source circuit 54 and reducing a 
source voltage to be afforded to pixels, the present 
invention is not limited to this configuration. For exam- 
ple, by reducing a threshold voltage Vth of the amplify- 
ing transistor 45 within unit pixel 40n,m, the amplifying 
transistor 45 can be linearly operated. 
[0060] Next, the pixel operation in a CMOS image 
sensor according to the second embodiment of the 
above configuration will be described using an example 
of selecting pixels of n-th line. Herein, the timing chart of 
Fig. 12 will be used with reference to the potential dia- 
grams of Figs. 13 and 14. 

[0061] A time period (t < t1) until time t1 is non-selec- 
tion state. In the non-selection state, since vertical 
selection pulse t|)Vn is in Low level (0 V) and reset switch 
(RS) 44 is in off state, the potential of floating diffusion 
(FD) 43 is 0 V. 

[0062] At time t1, the vertical selection pulse <|>Vn 
changes from Low to High (3.3V). The gate potential of 
the amplifying transistor (AT) 45 increases because a 
depression type transistor is used as the reset transistor 
44 (t1 <t<t2). 

[0063] At this time, the amplifying transistor 45 may 
comes on depending on the potential setting thereof or 
the potential of the vertical signal line 53. This example 
assumes that the amplifying transistor 45 is cut off. At 
this point, however, since the horizontal selection switch 
60 is off and no influence is exerted on the horizontal 
signal line 59, it does not matter in which state the 
amplifying transistor 45 is. 

[0064] In response to the occurrence of reset pulse 
<|)Rm at time t2, the reset switch 44 comes on and the 
potential of floating diffusion 43 in the n-th line, the m-th 
column is reset from 0 V to 3.3 V. Since this results in 
the amplifying transistor (AT) 45 turning on, unit pixel 
40n,m in the n-th line, the m-th column goes into the 
selection state (t2 < t < t3) 

[0065] Upon the extinction of the reset pulse (|>Rm at 
time t3, the reset floating diffusion 43 is read. Conse- 
quently, an offset level (hereinafter, called a noise level) 
different for each pixel is read into the vertical signal line 
53 (t3 < t <t4). The read-out noise level is, in response 
to the horizontal selection pulse (|>Hm that occurred at 
time t2, output to the horizontal signal line 59 by the hor- 
izontal selection switch 60 that is on. 
[0066] Upon the occurrence of transfer pulse <|>Tm at 
time t4, the transfer switch (TS) 42, because a potential 
below the gate thereof is deepened by the transfer pulse 
<|)Tn applied to the gate, transfers signal charge stored 



in the photodiode (PD) 41 to the floating diffusion 43 (t4 
< t < t5). The transfer of the signal charge causes the 
potential of the floating diffusion 43 to change in accord- 
ance with the quantity of charge. 

5 [0067] Upon the extinction of the transfer pulse <|>Tm at 
time t5, a potential in accordance with the signal charge 
of the floating diffusion 43 is read into the vertical signal 
line 53 by the amplifying transistor 45 (t5 < t < t6). The 
read-out noise level is output to the horizontal signal line 

10 59 by the horizontal selection switch 60. 

[0068] At time t7, the vertical selection pulse <|>Vn 
changes from High to Low, whereby pixels on the n-th 
line go into non-selection state, and at the same time, 
pixels on the next (n + 1)-th line go into selection state, 

15 and the above operation is repeated on the (n + 1)-th 
line. 

[0069] As described above, for one pixel, noise level 
and signal level are sequentially obtained in that order 
(a reverse order from signal level to noise level is also 
20 permissible). This operation is called a pixel point 
sequential reset operation. 

[0070] The pixel point sequential reset operation has 
the following advantages: 

25 © Since noise output and signal output take an 
identical path including the horizontal selection 
switch 60, a fixed pattern noise due to dispersion 
between paths will not occur in principle. 

30 @ Since noise level and signal level are sequen- 
tially output, the difference between noise level and 
signal level can be obtained by a differential circuit 
such as a correlated duplex sampling circuit (CDS 
circuit) without using frame memory and line mem- 

35 ory in an external signal processing system, so that 
the system can be simplified. 

[0071] A series of pixel point sequential reset opera- 
tions described above must be performed at a high 

40 speed. For this reason, signals from pixels are output in 
the current mode that is advantageous in terms of oper- 
ation speed. However, without being limited to a mode 
of current mode output, if speed requirements are satis- 
fied, a mode of voltage mode output can also be taken, 

45 as in a CMOS image sensor according to the first 
embodiment. 

[0072] As apparent from the potential diagrams of 
Figs. 15 and 16, the operation of pixels not selected 
does not matter particularly even if transfer pulse <|)Tm 

50 and reset pulse <|>Rm are shared in column direction. 
[0073] Although the foregoing description of opera- 
tion, for simplicity, is on the all pixel independent reading 
mode in which signals of pixels of all lines are independ- 
ently read, the present invention is not limited to that 

55 mode. Of course, frame reading mode and field reading 
mode are also possible. In the former mode, signals of 
odd (even) lines are read in a first field and signals of 
even (odd) lines are read in a second field. In the latter 
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mode, signals of two adjacent lines are read at the 
same time to add currents, and combinations of two 
lines for the addition operation are changed on a field 
basis. 

[0074] In the CMOS image sensor according to the 
above second embodiment, adjacent (|>Tm-1 and reset 
pulse <t>Rm can be also be shared, and thereby the wir- 
ing can be cut. 

[0075] By positively providing capacity to a node con- 
nected to the gate of transfer selection switch 46 and 
the gate of transfer switch 42, when vertical selection 
pulse <)>Vn changes from High to Low when t > t7, the 
gate potential of the transfer switch 42 can be made 
negative. By this arrangement, since holes can be 
implanted into the silicon interface of transfer switch 42 
adjacent to the photodiode 41 , a dark current can be 
suppressed. 

[0076] Furthermore, the power source circuit 54 can 
be cut by shifting (in this example, e.g., 1.5 V shift) the 
potential (Vbias) of vertical signal line 53, the potential 
of amplifying transistor 45, and the entire source volt- 
age. 

[0077] A variant of the second embodiment can be 
constructed so that current output is performed by 
transferring the role of the amplifying transistor 45 as 
source follower resistance load to the horizontal selec- 
tion switch 60. That is, a current output operation is per- 
formed as described below. 

[0078] Assume that the horizontal selection switch 60 
operates in a linear area. The potential of horizontal sig- 
nal line 59 is held constant, for example, by using an 
operational amplifier 33 fed back by a resistor. By doing 
so, a source follower loaded with a resistor is formed by 
the amplifying transistor 46 and the horizontal selection 
switch 60, a current flows through the horizontal signal 
line 59 in accordance with the potential of floating diffu- 
sion 43, and a voltage in accordance with the potential 
of floating diffusion 43 develops at the output end of the 
operational amplifier. 

[0079] Fig. 1 7 is a schematic configuration diagram of 
an example of a camera system to which the present 
invention is applied. In Fig. 17, incident light (image 
light) from an object (not shown) forms an image on the 
imaging surface of imaging element 72 by an optical 
system including lens 71 and other elements. As the 
imaging element 72, a CMOS image sensor according 
to the foregoing first embodiment or variant thereof, or 
the second embodiment is used. 
[0080] The imaging element 72 is driven based on a 
variety of timings output from driving circuit 73 including 
a timing generator and the like. An imaging signal out- 
put from the imaging element 72 is subjected to various 
signal operations in signal processing circuit 74 before 
being output as an image signal. 
[0081] As described above, according to the present 
invention, unit pixels arranged in a matrix form are com- 
prised of a photoelectric transfer element, a transfer 
switch, a charge store part, a reset switch, and an 



amplifying element, and pixels are selected in units of 
rows by controlling a reset potential afforded to the reset 
switch, whereby an element for vertical selection can be 
cut, making reduction of pixel size possible. 

5 

Claims 

1 . A solid-state imaging element, comprising: 

10 unit pixels, arranged in a matrix form, which 

have photoelectric transfer elements, transfer 
switches for transferring charges stored in said 
photoelectric transfer elements, charge store 
parts for storing charges transferred by said 

15 transfer switches, reset switches for resetting 

said charge store parts, and amplifying ele- 
ments for outputting signals in accordance with 
the potential of said charge store parts to verti- 
cal signal lines; 

20 a vertical scanning circuit for selecting pixels in 

units of rows by controlling a reset potential 
afforded to said reset switches; 
a horizontal scanning circuit for sequentially 
selecting signals output to said vertical signal 

25 lines in units of columns; and 

an output circuit for outputting signals selected 
by said horizontal scanning circuit via horizon- 
tal signal lines. 

30 2. A solid-state imaging element as claimed in claim 1 , 
wherein said vertical scanning circuit affords verti- 
cal selection pulses sequentially output during ver- 
tical scanning to said reset switches as a reset 
potential thereof. 

35 

3. A solid-state imaging element as claimed in claim 1 , 
wherein said charge store part is floating diffusion. 

4. A solid-state imaging element as claimed in claim 1 , 
40 wherein said reset switches comprise a depression 

type transistor. 

5. A solid-state imaging element as claimed in claim 1 , 
wherein said output circuit outputs signals read into 

45 said vertical signal lines in voltage mode. 

6. A solid-state imaging element as claimed in claim 1 , 
wherein said output circuit outputs signals read into 
said vertical signal lines in current mode. 

50 

7. A solid-state imaging element as claimed in claim 1 , 
wherein said unit pixels include an overflow path 
between said photoelectric transfer element and an 
area to which a pixel source voltage is afforded, 

55 said overflow path being used to discharge excess 
charges of said photoelectric transfer element. 

8. A solid-state imaging element as claimed in claim 1 , 
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wherein a negative potential is applied to the con- 
trol electrode of said transfer switches. 

9. A solid-state imaging element as claimed in claim 1 , 
wherein said unit pixels include a transfer selection s 
switch for selecting a transfer operation of said 
transfer switches. 

10. A solid-state imaging element as claimed in claim 9, 
wherein said transfer selection switch makes a con- 10 
trolled input of said vertical selection pulses. 

1 1 . A solid-state imaging element as claimed in claim 9, 
wherein said output circuit outputs signals read into 
said vertical signal lines in current mode. 15 

12. A method for driving a solid-state imaging element 
including unit pixels, arranged in a matrix form, 
which have photoelectric transfer elements, transfer 
switches for transferring charges stored in said pho- 20 
toelectric transfer elements, charge store parts for 
storing charges transferred by said transfer 
switches, reset switches for resetting said charge 
store parts, and amplifying elements for outputting 
signals in accordance with the potential of said 25 
charge store parts to vertical signal lines, said 
method comprising the step of: 

selecting pixels in units of rows by controlling a 
reset potential afforded to said reset switches. 30 

13. A method for driving a solid-state imaging element 
as claimed in claim 12, further comprising the step 
of: 

35 

outputting signals read into said vertical signal 
lines in voltage mode. 

14. A method for driving a solid-state imaging element 

as claimed in claim 12, further comprising the step 40 
of: 

outputting signals read into said vertical signal 
lines in current mode. 

45 

15. A camera system using a solid-state imaging ele- 
ment as an imaging device, said solid-state imaging 
element, comprising: 

unit pixels, arranged in a matrix form, which so 
have photoelectric transfer elements, transfer 
switches for transferring charges stored in said 
photoelectric transfer elements, charge store 
parts for storing charges transferred by said 
transfer switches, reset switches for resetting 55 
said charge store parts, and amplifying ele- 
ments for outputting signals in accordance with 
the potential of said charge store parts to verti- 



cal signal lines; 

a vertical scanning circuit for selecting pixels in 
units of rows by controlling a reset potential 
afforded to said reset switch; 
a horizontal scanning circuit for sequentially 
selecting signals output to said vertical signal 
lines in units of columns; and 
an output circuit for outputting signals selected 
by said horizontal scanning circuit via horizon- 
tal signal lines. 
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